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The nature of two-dimensional (2D) materials, such as their unique symmetry and 
the reduced dimensionality, leads to the appearance of phenomena that are very different 
from their bulk materials, such as the novel band structures, electronic performance and 
topologically protected surface states. These materials also play an entirely mechanical 
role as they are inherently flexible, strong, and extremely thin. Due to their novel 
properties, 2D materials have promising application prospects in the field of 
information, and become one of the popular research areas nowadays. Furthermore, 
because of the most widely used Si-based materials, the preparation of 2D materials on 
Si-based structures to realize the development and application of the devices become an 
increasingly concerned topic. Thus, this thesis mainly focuses on the fabrication, 
structure characterization, and properties exploration of two-dimensional Au lattices on 
Si(111)-7×7 surface. The major results are as follows: 
1. The controllable fabrication and atomic configurations of the ordered Au 
low-dimensional structures on Si(111)-7×7 surface have been studied firstly. By 
deposition at room temperature and rapid thermal annealing, the arrangement of Au on 
Si substrate could be controlled effectively. With the increase of Au coverage, the 
evolution of the Au-Si surface structure undergoes the transformation from Au6Si3 
cluster- 1L Au/Si cluster-the first Au/Si layer- 2D Au lattices- Au islands. The 
well-ordered 2D Au lattices have been fabricated at the coverage of 0.8 ML. In the 
analysis of RHEED pattern, the Au6Si3 cluster appears the diffraction characterization of 
magic clusters compare to clean Si(111)-7×7 surface, and two new faint diffraction 
streaks appear in the RHEED pattern of 1L Au/Si layer, which form characteristic 
diffraction streaks in 2D Au lattices. These characteristic diffraction streaks come from 
Au atoms with distance about 4.6 Å, in compare with the distance between streaks of 
Si(111)-1×1 surface. Combined with the estimation of Au coverage and first-principles 














further adsorbed in each HUC on the H3 site with lowest total energy, which would 
further saturate the remaining dangling bonds of the 7×7 surface. Subsequently, Au 
atoms are closely packed on the top of 1L Au/Si layer and form 2D Au lattices with 
identical Au clusters restricted in HUCs. The 2D Au lattices with close-packed form 
display good thermal stability. 
2. The electronic structure and transport properties of 2D Au lattices have been 
investigated by STM and STS. The comparison of STM images recorded at +3.0 V and 
+2.5 V shows that there exist strong quantum coupling effects in 2D Au lattices. The 
STM image appears Kagome-like lattices at the bias of +2.5 V; while at low and 
negative bias voltages, the STM images turn to low degree of order. The scanning 
tunneling spectra of 2D Au lattices show an abnormal asymmetric gap from -3.0 V to 
+1.1 V. The exploration of this wide conductive gap suggests that the tunneling 
electrons transport in the 2D Au lattices as de Broglie wave, which might be blocked at 
specific voltage (energy) range and generates a transport gap. And the asymmetry of the 
conductive gap would be caused by the different effective mass of electrons and holes. 
Further finite-difference time-domain calculation shows that the electrons transport in 
2D Au lattices generates a transport gap from -3.0 V to +1.3 V, which agrees well to our 
STS measurement. Additionally, the carrier transport behavior is further modulated by 
the structure of 2D Au lattices. 
3. The comparative analysis on the structure and the transport properties of 2D 
lattices has been further performed for Au and Zn. Both 2D lattices show hexagonal 
honeycomb structures. An abnormal increased conductive gap was also observed in 2D 
Zn lattices compare to 1L Zn/Si cluster, but to a less extent than that of Au. This 
difference indicates the distinction in the transport behaviors between Au and Zn 2D 
lattices, which were mainly analyzed from three aspects: firstly, the difference of atomic 
structure between 2D Zn lattices and 2D Au lattices; secondly, the difference of the 
interaction between Si substrate and the two kinds of 2D lattices; thirdly, the difference 
in the strength of in-plane coupling in these two lattices. For 2D Zn lattices, the STM 














the bias-dependent STM images of 2D Au lattices displays great difference. Especially 
at bias voltage of +2.5 V, the STM image exhibits a Kagome-like morphology due to 
quantum coupling effect, which suggests that there exist stronger coupling effect in 2D 
Au lattices. Moreover, the weak interaction of Au and Si substrate causes that the carries 
are even more limited to the in-plane transport for 2D Au lattices, which leads to the 
larger conductive gap. The results further indicate the origin of the unique carrier 
transport properties of the 2D metal lattices. 
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如，1966 年，Frindt 和 Joensen 等就探讨了几个分子层厚度单晶 MoS2 的制备及性
质[1,2]；1969 年，Wilson 等报导了过渡金属硫化物的制备及光学、电学与结构性质
[3]；1971 年，Consador 等报导了利用超导层状结构单晶 NbSe2 制备的器件等
[4]。在
2004 年由 Novoselov 和 Geim 发现了单层石墨烯[5]，激发了人们对包括石墨烯在内
的二维结构材料的研究热情。 
到目前为止，已经被制备和研究的二维材料多达几十种，这些二维结构材料
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